A B S T R A C T Studies were undertaken to determine if the dissociation of aldosterone and plasma renin activity in low-renin essential hypertension is due to altered adrenal responsiveness to angiotensin II. The responsiveness of' the adrenal glands to angiotensin II was determined by infusing graded doses of angiotensin II into normal subjects and into patients with essential hypertension and measuring changes in levels of' plasma aldosterone in response to the infusion. To minimize the influence of endogenous angiotensin II and ACTH, supplemental sodium and dexamethasone were given before the infusions. Levels of plasma aldosterone and plasma renin activity were determined in normal subjects anid in the same patients after the combined stimuli of furosemide and upright posture, a maneuver used to increase the level of endogenous angiotensin II. To determine if the changes in levels of plasma aldosterone during infusion of angiotensin II were due to alteration of the metabolic clearance of aldosterone, the metabolic clearance of aldosterone was meastured before and during the infusion of angiotensin II.
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After sodium loading, dexamethasone treatment, and supine posture, levels of plasma aldosterone of normal subjects and patients with essential hypertension were suppressed equally. In response to the infusion of angiotensin II, the levels of plasma aldosterone of patients with low-renin essential hypertension were significantly higher than those of normal subjects or of patients with normal-renin essential hypertension.
After furosemiiide and upright posture, levels of plasma aldosteroine of patients with low-renini essential hypertension were significan-tly higher than those of patients with nornmal-reniin esseintial hypertension, despite a blunted responise in plasma renin activity of' the patients with low-reniin esseintial hypertension. Decreases in metabolic clearance of' aldosterone during infusion of angiotensin II were siinilar in patients with normalrenin essential hyperteinsion and in patients with lowrenin essential hypertenision and accounted for only a small fraction of the marked increase in levels of plasma aldosteroine of patients with low-renin essential
INTRODUCTION
The reguilationi of' aldosterone is abnormal in some patients with essential hypertension. Most patients with low-renin essential hypertension have normal secretion rates and urinary excretion rates of aldosterone, despite low plasma renin activity (1) (2) (3) (4) . The secretion rate, exeretioni rate, and plasma levels of aldosterone do not suppress normally in response to sodium loading in patients with essential hypertension, particularly those with low plasma renin activity (5) (6) (7) . Additionally, levels of plasma aldosterone of patients with low-renin essential hypertension are greater than normal after prolonged recumbency (8) and increase briskly after assumption of upright posture, despite a blunted response in plasma renin activity (4, 6) . Thus, levels of aldosterone of some patients with essential hypertension are inappropriately high for the levels of plasma renin activity.
To determine if the dissociation of levels of aldosterone and plasma renin activity in hypertensive patients with low plasma renin activity is due to an increased adrenal responsiveness to angiotensin II, we compared the levels of plasma aldosterone of patients with essential hypertension with those of normal subjects during an infusion of angiotensin II and after stimulation of endogenous angiotensin by furosemide and upright posture. The effect of angiotensin II on the metabolic clearance of aldosterone was also examined to determine if increases in levels of plasma aldosterone during the infusion of angiotensin II reflected increases in the rate of secretion of aldosterone or merely decreases in the metabolic clearance of aldosterone (9) .
METHODS

Subjects
Angiotensin II was infused into 13 normal subjects and 16 patients with essential hypertension. The study was approved by the Human Studies Committee of the Mayo Clinic. Informed, written consent was obtained from all participants. Patients with accelerated or malignant hypertension, renal insufficiency, heart failure, or hepatic dysfunction were excluded. None of the subjects or patients were receiving oral contraceptives. All subjects and patients were white. 10 patients had normal-renin essential hypertension, and six patients had low-renin essential hypertension ( Table I ). The means of the ages and weights of the normal subjects, the patients with normal-renin essential hypertension, and patients with low-renin essential hypertension were not significantly different. Mean blood pressures of patients with normal-renin essential hypertension and low-renin essential hypertension were not significantly different. The use of antihypertensive medications was discontinued at least 2 wk before testing. During this 2-wk period, patients ingested diets containing ad lib amounts of sodium.
Protocols
Angiotensin II infusions. Supplemental sodium, 155 meq daily, and dexamethasone, 2 mg daily, were given during the 2 days before infusion of angiotensin II to minimize the influence of endogenous angiotensin II and ACTH. After a 120-min control period, angiotensin II (Hypertensin-CIBA, CIBA-Geigy Corp. Pharmaceuticals Div., Summit, N. J.) was infused at rates of 0.1, 0.5, 1.0, and 2.0 ng/kg per min Brown (4) . Four patients with normal-renin essential hypertension and three patients with low-renin essential hypertension were studied. Antihypertensive medications were discontinued 2 wk before testing, and supplemental sodium and dexamethasone were again given during the 2 days before the determination of aldosterone metabolic clearance. After a 120-min control period, 5 ,uCi of tritium-labeled aldosterone was injected intravenously. 30 min later a constant intravenous infusion of tritium-labeled aldosterone was begun at a rate of 0.10 ,uCi/min and continued for the remainder of the test. The metabolic clearance of aldosterone before infusion of angiotensin II was determined from samples of the infusate of tritium-labeled aldosterone and from samples of plasma taken 90, 100, and 110 min after the first injection of tritium-labeled aldosterone. While the constant infusion of tritium-labeled aldosterone continued, angiotensin II was then infused into a'separate infusion site at a rate of 2 ng/kg per min. Two of the patients with normalrenin essential hypertension received 1 ng/kg per min of angiotensin II. The metabolic clearance of aldosterone during infusion of angiotensin II was determined from samples of the inf'usate of tritium-labeled aldosterone and from samples of plasma taken 50, 60, and 70 min after the beginning of the infusion of angiotensin II.
Measurements. Blood pressure was measured bv mercury sphygmomanometry. Mean blood pressure was calculated as the diastolic blood pressure plus one-third the pulse pressure. Plasma aldosterone was determined by radioimmunoassay (14) . The interassay coefficienit of variation was 14%. Plasma renin activity was determined by measuring the amiiount of angiotensin I generated in plasma during ineuibation at 37°C (17) .
RESULTS
Effects of antgiotensin II itnfusion on plasma aldosterotne. The levels of plasnma aldosteronie after sodium loading, dexamethasonie treatment, and supine posture and before the infiusion of angiotensin II were the same in normal subjects, patients with normalrenin essential hypertenision, and patients with lowrenin essential hypertension (Fig. 1) . After each dose of angiotensin II, the levels of plasma aldosterone of patients with normal-reniin essential hypertension were the same as the levels of plasma aldosterone of normal subjects. In contrast, the levels of plasma aldosterone of patients with low-renini essential hypertension were significantly higher than the levels of plasma aldosterone of normal subjects or of patients with normal-renin essential hypertension. The level of plasma aldosterone of each subject and patient decreased after the inftusion of angiotensin II was stopped.
Noteworthy is that 30 min after the infusion the decrease of levels of plasma aldosterone, in percentage, was the same in subjects and patients. The levels of plasma renin activity, plasma fluorogenic steroids, and serum potassium and sodium of patients with low-reinin essential hypertension and of patients with norimial-renin essential hypertension were within the range of the levels in normal subjects before and during the infusion of angiotensin II (Fig.   2) . The levels in patients with low-renin essenitial hypertenisioni and normiial-renini essential hypertension were not significanitly different.
The mean blood pressures of patients with low-renin essential hypertensioni were the same as the meani blood pressures of patients with normal-renin essential hypertension before and during infusion of angiotensin II (Fig. 3) . During the first 10 min after the infusion of angiotensin IL was stopped, the decremenits of mean blood pressures of normal subjects, patients with normal-renin essential hypertension, and patients with low-renin essential hypertension were the same. 30 min after the infusion was stopped, the blood pressures had Inot decreased fuirther.
Effects offurosemide and upright posture on plasma aldosterone. After furosemide and upright posture, the levels of plasma aldosterone of patients with lowrenin essential hypertension were the same as the levels of plasmna aldosterone of normal subjects and were significantly higher than those of patients with norimial-renin essential hypertensioin (Fig. 4) . These normal levels of plasma aldosterone in patients with low-renin essential hypertension occurred despite the markedly blunted response of their plasma renin activity.
The percentage decrease in weight, the levels of plasma fluorogenic steroids, and serum sodium after furosemide and upright posture were not significantly different in the three groups (Table II) . Levels of serum potassium after ftirosemide and upright posture in patients with low-reinin essential hypertension were less than those in normal subjects (P <0.02) and in patients with normal-renin essential hypertension. Effects ofangiotensin II infusion on metabolic clearance of aldosterone. The concentrations of tritiumlabeled aldosterone in the infusate and in the plasma were constant 90, 100, 110 min after beginning the infusion of tritium-labeled aldosterone and 50, 60, and 70 min after beginning the infusion of angiotensin II, indicating equilibrium had been obtained during determinations of aldosterone metabolic clearance. The 14C/3H ratio was not significantly altered after sequential chromatography steps before and after acetylation (4), indicating radiochemical purity of the isolated tritium-labeled aldosterone.
The metabolic clearance of aldosterone decreased during infusion of angiotensin II in all patients (Table  III) . The percentage decreases in metabolic clearance of aldosterone during infusion of angiotensin II were similar in patients with normal-renin essential hypertension and in patients with low-renin essential hypertension.
DISCUSSION
This study indicates that the aldosterone-secreting cells of the adrenal cortex in patients with low-renin essential hypertension are more sensitive to the stimulating effects of angiotensin than normal. This could explain the dissociation of the renin-angiotensin aldosterone axis during sodium loading (5-7), prolonged recumbency (8) , and upright posture (4, 6) and after furosemide-induced sodium depletion, as observed in a patient reported by Bayard et al. (18) and in the patients in this study. However, other explanations need to be considered. One explanation is a lower-than-normal metabolic clearance of angiotensin II in patients with low-renin essential hypertension. This could cause higher plasma levels of angiotensin II and thus a greater stimulus to the adrenal glands to produce aldosterone. However, the decrements of mean blood pressure after the infusion of angiotensin II was stopped were the same in patients with low-renin essential hypertension, patients with normal-renin essential hypertension, and normal subjects. Thus, equal rates of disappearance of one effect of angiotensin II in normal subjects and in patients with essential hypertension suggest that the metabolic clearance of the infused angiotensin II was not lower-than-normal in patients with lowrenin essential hypertension. More direct measurements of angiotensin II metabolism are needed to confirm this conclusion.
Another explanation is a greater-than-normal decrease in metabolic clearance of aldosterone during infusion of angiotensin II in patients with low-renin essential hypertension. This could result in higher levels of plasma aldosterone during infusion of angiotensin II in patients with low-renin essential hypertension than in patients with normal-renin essential hypertension, even though increases in secretion rates of aldosterone in response to the infusion of angiotensin II were the same in both groups. Recently, Messerli et al. (9) reported that the metabolic clearance of aldosterone in normal subjects decreased by 23% during infusion of angiotensin II at a rate of 3.0 ng/kg per min and by 37% when the rate was increased to 22 ng/kg per min. The results of the present study provide evidence that the decrease in metabolic clearance of aldosterone during infusion of angiotensin II was the same in patients with normal-renin and low-reni-n essential hypertension. Thus (21) found that treatment with dexamethasone blunted the increase in levels of plasma aldosterone after angiotensin II infuision in normal subjects. Factors that might cause enhanced adrenal responsiveness to angiotensin II in patients with normal-renin essential hypertension might be altered by treatment with dexamethasone. In patients with low-renin essential hypertension, these factors might be less responsive to dexamethasone treatment.
In the present study the normal levels of plasma aldosterone in response to furosemide and upright posture in patients with low-renin essential hypertension are additional evidence of increased adrenal sensitivity to angiotensin II-in this instance, to endogenous angiotensin II. That is, the same patients who had abnormally high levels of plasma aldosterone after infusion of angiotensin II had levels of plasma aldosterone inappropriately high for their low levels of' plasma renin activity after furosemide and upright posture.
Levels of' serum potassium after furosemide and upright posture in patients with low-renin essential hypertension were lower than those in normal subjects and patients with normal-renin essential hypertension. Low levels of serumil potassium in patients with low-renin essential hypertension would likely have lowered levels of plasma aldosterone in these patients (22, 23) . Therefore, the difference in levels of serum potassium does not likely explain normal levels of plasma aldosterone after furosemide and upright posture in patients with low-renin essential hypertension.
In the present study, levels of plasma aldosterone, after sodium loading, dexamethasone treatment, and supine posture, were suppressed equally in normal subjects, patients with normal-renin essential hypertension, and patients with low-renin essential hypertension. This contrasts with a previous report (6) showing levels of plasma aldosterone in patients with essential hypertension do not suppress normally after sodium loading and supine posture. These observations suggest that when stimulatioin of aldosterone secretion by the renin-angiotensin systeiim is minimal, factors responsible for inappropriately high secretion of aldosterone in patients with essential hypertension can be suppressed by treatmenit with dexamethasone. An alternative explanation for suppressed levels of plasma aldosterone in patients with essential hypertension after dexamethasone treatment is a greater-thannormal increase in the metabolic clearance of aldosterone in patieInts with essential hypertension in response to dexamethasone.
Noteworthy in this study was that an enhanced pressor response to angiotensin II was Inot found in the patients with low-renin essential hypertension. Thus, the adrenal cortex and not the vascular smooth muscle of these patients probably was more sensitive to the effects of angiotensin II under the conditions of this study.
The results of this study suggest that the aldosteronesecreting cells of the adrenal cortex of patients with low-renin essential hypertension are more sensitive to angiotensin II than are those of patients with normalrenin essential hypertension or normal subjects, which may explain the dissociation of aldosterone and plasma renin activity in low-renin essential hypertension.
